Abstract-To examine the long-term effects of weight loss and dietary sodium reduction on the incidence of hypertension, we studied 181 men and women who participated in the Trials of Hypertension Prevention, phase 1, in Baltimore, Md. At baseline (1987 to 1988), subjects were 30 to 54 years old and had a diastolic blood pressure (BP) of 80 to 89 mm Hg and systolic BP Ͻ160 mm Hg. They were randomly assigned to one of two 18-month lifestyle modification interventions aimed at either weight loss or dietary sodium reduction or to a usual care control group. At the posttrial follow-up (1994 to 1995), BP was measured by blinded observers who used a random-zero sphygmomanometer. Incident hypertension was defined as systolic BP Ն160 mm Hg and/or diastolic BP Ն90 mm Hg and/or treatment with antihypertensive medication during follow-up. Body weight and urinary sodium were not significantly different among the groups at the posttrial follow-up. After 7 years of follow-up, the incidence of hypertension was 18.9% in the weight loss group and 40.5% in its control group and 22.4% in the sodium reduction group and 32.9% in its control group. In logistic regression analysis adjusted for baseline age, gender, race, physical activity, alcohol consumption, education, body weight, systolic BP, and urinary sodium excretion, the odds of hypertension was reduced by 77% (odds ratio 0. Key Words: diet, sodium-restricted Ⅲ blood pressure Ⅲ hypertension, incidence Ⅲ weight loss H ypertension is an important worldwide public health challenge because of its high prevalence and the concomitant increase in risk of cardiovascular and renal disease. For example, Ϸ50 million adult residents in the United States have hypertension, defined as having a systolic blood pressure (SBP) Ն140 mm Hg and/or diastolic blood pressure (DBP) Ն90 mm Hg and/or taking antihypertensive medications. 1 Prospective studies have demonstrated a positive, continuous, and independent association between higher levels of BP and the risk of coronary heart disease, stroke, congestive heart failure, end-stage renal disease, and peripheral vascular disease. [2] [3] [4] [5] The benefits of lowering BP in reducing the risk of coronary heart disease and stroke have been documented in anti-hypertensive drug treatment trials. 6 -8 However, treatment of hypertension represents only a partial response to the overall burden of BP-related cardiovascular disease in the general population. To accomplish the broad goal of eliminating all BP-related diseases in the community, detection and treatment of hypertension must be complemented by strategies to prevent hypertension. 9 Evidence from observational epidemiological studies has indicated that overweight and high salt intake are important risk factors for hypertension. 10 -12 Clinical trials also have indicated that weight loss and sodium reduction lower BP in hypertensive patients as well as in normotensive patients. [13] [14] [15] [16] However, the long-term effects of these interventions on the risk of hypertension are less well established.
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The purpose of the present study was to examine the effects of an 18-month lifestyle modification intervention aimed at either weight loss or dietary sodium reduction on the incidence of hypertension during 6 to 8 years of follow-up in a cohort of 181 men and women with high normal BP.
Methods

Study Participants
The Trials of Hypertension Prevention, phase 1 (TOHP-1), was a national, multicenter, randomized controlled trial designed to test the short-term feasibility and efficacy of 3 lifestyle (weight loss, sodium reduction, and stress management) and 4 nutrition supplement (calcium, magnesium, fish oil, and potassium) interventions aimed at lowering blood pressure in those whose DBP was initially in the high normal range (80 to 89 mm Hg). 13, 14 At the Johns Hopkins clinical center, 289 study participants were randomized into the trial: 60 to the weight loss intervention, 66 to the sodium reduction intervention, 82 to corresponding control groups for weight loss and/or sodium reduction, and 81 to the nutrition supplement intervention and control groups. Participants in the lifestyle modification usual care control group could serve as a control for both the weight loss, if overweight, and/or sodium reduction intervention groups. 13 Thus 49 of the 82 participants served as control subjects for the weight loss intervention and all 82 served as control subjects for the sodium reduction group. The principal eligibility criteria for participation in TOHP-1 included age between 30 and 54 years and an average DBP between 80 to 89 mm Hg and SBP Ͻ160 mm Hg. The principal exclusion criteria were evidence of hypertension or other cardiovascular disease, extreme obesity (body mass index [BMI] Ն36.1 kg/m 2 ) or heavy alcohol use (Ն21 drinks/wk). 13, 14 Those eligible for inclusion were further classified into high-weight (BMI of 26.1 to 36.1 for men and 24.3 to 36.1 for women) and low-weight strata (BMI Ͻ26.1 for men and Ͻ24.3 for women) before randomization.
Trial Conduct
The weight loss and sodium reduction interventions were delivered by nutritionists or other experienced counselors and consisted primarily of group educational sessions, supplemented by individual counseling. 13, 14 The group sessions were attended by 11 to 12 participants and lasted for Ϸ90 minutes on each occasion. They were conducted on a weekly schedule for the first 14 and 10 weeks in weight loss and sodium reduction intervention groups, respectively. Subsequently, the meetings were held on a semimonthly and later a monthly frequency throughout the 18-month period of intervention. The weight loss and sodium reduction interventions focused on shopping, cooking, and food selection behaviors aimed at reducing the intake of calories and sodium, respectively. The weight loss intervention also encompassed a strategy to achieve a moderate increase in caloric expenditure, primarily by walking at a brisk pace for 45 minutes, 4 to 5 times per week.
Baseline and follow-up data at 3, 6, 12, and 18 months were collected by specially trained, experienced observers who were blinded to the participants' treatment assignment, using standardized methods and a stringent level of quality control. All data collectors passed an initial series of certification examinations as well as periodic recertification evaluations. BP measurements were obtained with the use of the Hawksley random-zero modification of the standard mercury sphygmomanometer. BP was measured after the individual had been seated quietly for 5 minutes. The subject was instructed not to eat or smoke for at least 30 minutes before their BP measurements. The first and fifth Korotkoff sounds were recorded as SBP and DBP, respectively. Three BP measurements were recorded at each of 3 visits at the baseline and 12-and 18-month evaluations. Body weight and height were measured with the use of standard protocols. Two 24-hour urine specimens were collected at the baseline and 18-month follow-up visits for estimation of sodium and creatinine excretion. 13, 14 Posttrial Follow-Up At the Johns Hopkins clinical center, a posttrial follow-up examination was conducted between November 1994 and September 1995. Medical history, especially personal history of hypertension and use of antihypertensive medication, was evaluated by questionnaire. Three BP measurements were obtained by trained observers who were blinded to treatment assignment and who used the same method as for the baseline visits. Body weight and height were also measured at the posttrial follow-up visit. A single 24-hour urinary specimen was collected to assess sodium and creatinine excretion.
Hypertension at follow-up was defined as (1) diagnosis of hypertension by a physician during the follow-up period and initiation of antihypertensive therapy as assessed by questionnaire and/or (2) SBP Ն160 mm Hg and/or (3) DBP Ն90 mm Hg at the posttrial follow-up examination. These BP cutpoints have been used for the definition of hypertension in all TOHP-1 publications because a BPϽ160/ 90 mm Hg was used as an eligibility criterion in TOHP-1. However, similar results were obtained with the use of a BP Ն160/95 mm Hg as the definition of hypertension.
Statistical Analysis
Baseline characteristics were compared between the intervention and control groups for each intervention with the use of Student's t tests for continuous variables and 2 tests for categorical variables. Changes from baseline in weight, 24-hour urinary excretion of sodium, and SBP and DBP were compared between intervention and control groups with the use of Student's t tests. The incidence of hypertension was compared between intervention and control groups with the use of 2 tests. Logistic regression analysis was used to compare the risk of hypertension between the intervention and control groups after adjustment for important risk factors for hypertension, including age, gender, baseline physical activity, alcohol consumption, education, weight, SBP, and urinary excretion of sodium. Two-tailed probability values are reported. All analyses were performed with the use of SAS software. 17 
Results
Of the 208 trial participants who were randomized into the weight loss, sodium reduction, or control groups, 181 (87.0%) took part in the posttrial follow-up examination conducted, on average, 7 years later. Among the 27 nonrespondents, 1 had died, 1 was seriously ill, and the remaining 25 refused to participate. The baseline mean age, body weight, SBP, and DBP as well as the percentage who were men, white, college graduates, current smokers, and alcohol drinkers (Ն1 drink/wk) was similar in the 27 nonrespondents compared with the 181 respondents. However, baseline 24-hour urinary excretion of sodium was significantly lower in the nonrespondents (127 mmol/L) compared with the respondents (153 mmol/L) (Pϭ0.01). There were no significant differences in any of the previously mentioned baseline characteristics, including 24-hour urinary excretion of sodium, between the respondents and nonrespondents across randomization groups.
Baseline Characteristics
Baseline characteristics of the 181 study participants are presented in Table 1 . The average age of study participants was 43 years at baseline. Fifty-seven percent were men; 58% were white; and 46% were college graduates. The mean BP at baseline was 122 mm Hg for SBP and 84 mm Hg for DBP. Mean body weight was 81 kg, and urinary excretion of sodium was 153 mmol/24 h. Eighteen percent of the participants were current cigarette smokers and 39% of them were alcohol drinkers (Ն1 drink/wk). Sixty-two percent of the participants engaged in vigorous exercise leading to perspiration Ն1 time per week. For both weight loss and sodium reduction, there were no significant differences in the baseline characteristics of the intervention and control groups (all PϾ0.05).
18-Month Intervention Results
During the 18 months of active intervention, body weight decreased by 2.4 kg in the weight loss intervention group; the net difference in weight loss between the weight loss intervention and control groups was 3.5 kg (PϽ0.001) ( Table 2 ). The corresponding reduction in SBP was 6.9 mm Hg in the intervention group and 1.2 mm Hg in the control group, yielding a net reduction in SBP associated with weight loss of 5.8 mm Hg (PϽ0.001). The decline in DBP was 8.6 mm Hg in the weight loss group and 5.5 mm Hg in control group,
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yielding a net reduction in DBP associated with weight loss of 3.2 mm Hg (Pϭ0.005).
Over the 18-month period in which the trial was conducted, excretion of urinary sodium declined by 53.5 mmol/24 h in the sodium reduction intervention group and 20.2 mmol/24 h in their control group (Table 2) , yielding a net reduction in urinary sodium excretion of 33.3 mmol/24 h between the active intervention and control groups. The corresponding reduction in SBP was 5.7 mm Hg in the sodium reduction group and 2.4 mm Hg in the control group, yielding a net reduction in SBP associated with sodium reduction of 3.3 mm Hg (Pϭ0.01). The decline in DBP was 7.2 mm Hg in the sodium reduction intervention group and 5.6 mm Hg in the control group, yielding a net reduction in DBP of 1.7 mm Hg (Pϭ0.08).
The cumulative incidence of hypertension over the 18 months of follow-up was 1.67% in the weight loss intervention group and 8.16% in the weight loss control group ( 2 ϭ2.60, Pϭ0.11). The corresponding cumulative incidence of hypertension was 6.06% in the sodium reduction intervention group and 9.76% in the sodium reduction control group ( 2 ϭ0.67, Pϭ0.41).
Posttrial Follow-Up Results
Over an average of 7 years of follow-up, changes from baseline in body weight were similar in the weight loss active intervention (4.9 kg) and control groups (4.5 kg) ( Table 3) . Compared with baseline, SBP increased by 2.0 and 3.7 mm Hg in the active intervention and control groups, respectively. The net change in SBP was Ϫ1.8 mm Hg in the weight loss group compared with its control group (Pϭ0.52). DBP decreased 6.5 mm Hg in the weight loss active intervention group and 5.2 mm Hg in the weight loss control group, yielding a net change in DBP of Ϫ1.3 mm Hg in the Over the 7 years of follow-up, the incidence of hypertension was 18.9% and 40.5% in the weight loss active intervention and control groups, respectively (Pϭ0.02) ( Figure) . The incidence of hypertension was 22.4% and 32.9% in the sodium reduction active intervention and control groups, respectively (Pϭ0.19). In logistic regression analysis, weight loss was associated with a 66% reduction (odds ratio [OR] 0.34; 95% confidence interval[CI] 0.14 to 0.86; Pϭ0.02) in the odds of hypertension (Table 4) . After adjustment for age, gender, race, and baseline physical activity, alcohol consumption, education, weight, SBP, and urinary sodium excretion, weight loss was associated with a 77% reduction (OR 0.23; 95% CI 0.07 to 0.76; Pϭ0.02) in the odds of hypertension. In univariate logistic regression analysis, sodium reduction was associated with a 41% reduction (OR 0.59; 95% CI 0.27 to 1.31; Pϭ0. 19) in the odds of hypertension; in multivariate logistic regression analysis, sodium reduction was associated with a 35% reduction (OR 0.65; 95% CI 0.25 to 1.69; Pϭ0.37) in the odds of hypertension.
Body fat distribution was not measured at the baseline examination. However, waist-to-hip ratio was not significantly different between the active intervention and control 
Discussion
Several randomized controlled trials have documented the value of weight loss and dietary sodium reduction in decreasing the risk of hypertension. 14 -16 However, our study is the first one to demonstrate the long-term effects of short-term weight loss and sodium reduction on the incidence of hypertension. Over an average follow-up of 7 years, an 18-month weight loss intervention program was significantly associated with a 77% reduction in the incidence of hypertension, and a corresponding sodium reduction program was associated with a 35% reduction in the incidence of hypertension. The latter did not reach the customary level for designation of statistical significance, possibly as a result of the small sample size of the cohort under study.
TOHP-1 was not designed to examine the long-term effects of weight loss and sodium reduction interventions on the risk of hypertension. Therefore after 18-months, there was no
Comparison of the 7-year cumulative incidence of hypertension between active intervention and control groups for weight loss and sodium reduction interventions. 
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further contact with the trial participants to enhance the intervention effect. After 7 years, the intervention effects on body weight and urinary sodium excretion had all but disappeared, but the beneficial effect on risk of hypertension was still evident. The mechanisms for the apparent long-term benefit of the intervention are uncertain. In a recent study, Geleijnse and colleagues 18 compared BP levels in 71 children who were assigned to a low sodium diet during the first 6 months of life with 98 children who were assigned to a usual sodium diet. After 15 years of follow-up, SBP was Ϫ3.6 mm Hg lower and DBP was Ϫ2.2 mm Hg lower in the children who had been assigned to the low sodium group compared with the control group, although urinary sodium excretion was not significantly different between the 2 groups. The long-term intervention effect observed in our study was unlikely to have been due to an error in measurement of the outcomes of interest. BP was measured by trained observers who were blinded to the intervention assignment of our study participants. The follow-up procedures and schedules as well as the criteria for diagnosis of hypertension were identical for the participants who were allocated to the intervention or control groups. The long-term effect also was unlikely to have been due to other potentially confounding baseline variables because our comparisons were based on the participant's randomization assignments. However, we cannot rule out the possibility of a confounding effect caused by change in body weight or sodium intake in the usual care control group after the diagnosis of hypertension. This confounding effect would be expected to result in a diminution of the observed differences in body weight, urinary excretion of sodium, BP, and incidence of hypertension between the intervention and control groups.
The role of overweight in the cause of hypertension has been explored in many large epidemiological studies, and the effect of weight loss in the prevention and treatment of hypertension has been tested in a smaller number of clinical trials. 19 Both cross-sectional and longitudinal studies have consistently identified an association between overweight and hypertension independent of other risk factors for hypertension. 19 Several clinical trials also have shown a BP-lowering effect of weight loss. 14, 16, 17, 20 In the Hypertension Prevention Trial, a 4% reduction in body weight over 3 years was associated with a Ϫ2.4 mm Hg lower in SBP and Ϫ1.8 mm Hg lower in DBP. 16 In TOHP-1, assignment to the weight loss intervention was associated with an average weight loss of 3.9 kg, a SBP reduction of 2.9 mm Hg, and a DBP reduction of 2.3 mm Hg (all PϽ0.01) over an 18-month period of follow-up in a group of 35-to 54-year-old men and women with high normal DBP. 14 The weight loss intervention also produced a 51% (95% CI 29% to 83%) reduction in the incidence of hypertension. 14 Weight loss intervention was associated with a 21% reduction (Pϭ0.02) in the incidence of hypertension over a 36-month period of follow-up in the Trials of Hypertension Prevention, phase II. 17 These data and our observations indicate that weight loss is an important approach for primary prevention of hypertension.
Results from both observational epidemiological studies and randomized controlled trials have identified a doseresponse association between dietary sodium intake and BP in human populations. 21 During the past 30 years, Ͼ60 randomized controlled trials have been conducted in hypertensive or normotensive participants. Recently, several metaanalyses were conducted to pool the results from these trials. 22, 23 Midgley et al 22 identified 28 trials conducted in normotensive participants (nϭ2374) who met their inclusion criteria. For the trials conducted in normotensive participants, the mean reduction in daily urinary sodium excretion, a proxy measure of dietary sodium intake, was 125 mmol (95% CI 95 to 156 mmol). Compared with the control group, the net change was Ϫ1.6 mm Hg (95% CI Ϫ2.4 to Ϫ0.9 mm Hg) for SBP and Ϫ0.5 mm Hg (Ϫ1.2 to 0.1 mm Hg) for DBP. In another meta-analysis by Cutler et al, 23 the pooled estimates of BP reduction for 12 trials conducted in normotensive persons (nϭ1689) were Ϫ1.9 mm Hg (95% CI Ϫ1.2 to Ϫ2.6) for SBP and Ϫ1.1 mm Hg (Ϫ0.6 to Ϫ1.6) for DBP. 23 A major limitation of these meta-analyses is the fact that most of the trials that were included were of short duration. For example, the median duration of follow-up for the normotensive trials in the meta-analysis by Midgley et al was 14 days. In TOHP-1, the sodium reduction intervention lowered the average urinary sodium excretion by 44 mmol/24 h (PϽ0.01), DBP by 0.9 mm Hg (PϽ0.05), and SBP by 1.7 mm Hg (PϽ0.01) over an 18-month period of follow-up in persons with high normal BP. 14 The sodium reduction intervention was also associated with a lower incidence of hypertension over the 18-month period of follow-up (relative risk 0.84; 95% CI 0.62, 1.13), but this reduction was not statistically significant. 14 Our study, with a follow-up period of 7 years, suggests that the short-term reduction in sodium intake may be associated with a lower long-term risk of hypertension. However, our results also did not reach a customary level of statistical significance because of the small sample size available for the analysis. Our findings have important public health implications. Hypertension is a common and important modifiable risk factor for cardiovascular disease and total deaths. Lifestyle modifications such as weight loss and sodium reduction should be recommended as a principal component of strategies to prevent hypertension and its complications in the US general population.
